A number of clinicopathological manifestations may define the presence of hypersensitivity pneumonitis. Histological study is used to establish the diagnosis and to differentiate the disease from other respiratory disorders. This case report suggests that immunohistological demonstration of the causative antigen in the lung may be a useful diagnostic approach in cases of pigeon hypersensitivity pneumonitis. A 52 year-old woman was studied. She had a prior history of pigeon exposure, and lived in an area with a high prevalence of tuberculosis. Her clinical presentation, respiratory function tests and imaging studies revealed a predominantly interstitial lung disease. The results of antiavian antibodies, bronchoalveolar analysis, and other laboratory parameters were non-diagnostic. A lung biopsy showed a prominent granulomatous reaction with a sarcoid-like appearance in some areas, and an interstitial infiltration constituted by lymphocytes, plasma cells and foamy macrophages. Although the disease manifestations were compatible with hypersensitivity pneumonitis, we decided to study the causal antigen by immunohistochemistry. The use of a polyclonal antibody raised against pigeon serum showed a predominant cytoplasmic immunostaining in multinucleated giant cells and histiocytes from lung granulomas. Other respiratory disorders were reasonably excluded. Previous exposure to a known antigen may support the diagnosis of hypersensitivity pneumonitis. Although the inhalation of organic dusts may be clinically evident, the aetiology is commonly evaluated by different challenge tests or immunological methods. We propose that the study of pigeon antigen by immunohistochemistry may be used as part of the diagnostic approach for hypersensitivity pneumonitis.
Introduction
Pigeon hypersensitivity pneumonitis (HP) is an immunologically-mediated disease caused by organic antigens of avian origin. [1] [2] [3] Since no pathognomonic finding defines the diagnosis, establishing the diagnosis depends on a combination of clinical, laboratory, lung function and imaging abnormalities, as well as several histopathological features.
1, 4 A variety of characteristic manifestations have been used to define the illness: the presence of restrictive ventilatory impairment; bronchoalveolar lavage (BAL) lymphocytosis; typical opacities shown on high resolution computerised tomography (HRCT) scanning; and a prominent immunological response to the causative antigen. [3] [4] [5] [6] The relation of HP to organic dusts derived mainly from feathers and/or avian droppings has been clearly documented, 2 and it is not surprising that a number of diagnostic procedures have involved the demonstration of such environmental exposure. Provocation tests with inhaled pigeon serum, and the study of antibodies or different T cell abnormalities associated with bird antigens have been widely used for the diagnosis and proposed as predictive criteria of HP by some groups. [7] [8] [9] [10] The use of lung biopsy has also been invaluable to corroborate the presence of HP, and different reports have recognised the characteristic appearance of mononuclear bronchiolitis, diffuse interstitial infiltrates of lymphocytes and/or plasma cells, scattered small nonnecrotising granulomas, aggregates of epitheliod histiocytes and/or multinucleated giant cells, and in some instances centriacinar and perilobular fibrosis. [11] [12] [13] [14] 15 Nevertheless, a number of difficulties may arise during the differentiation of the disease using an exclusively histopathologic approach.
1,4,10
A heterogeneous array of respiratory entities may be similar to HP in terms of their morphologic features, and several studies have pointed out that the differential diagnosis include the broad group of idiopathic interstitial pneumonias, a diversity of granulomatous conditions, some drug hypersensitivity pneumonitis conditions, and a variety of occupational, infectious, and neoplastic lung disorders. [13] [14] [15] [16] [17] [18] [19] This case report concerns a patient who presented with a respiratory illness suggestive of HP. Since there was no clear evidence that the disease was the result of pigeon exposure and since lung biopsy revealed a prominent granulomatous reaction which suggested other diagnostic considerations, an immunohistochemical technique was used in order to identify the causative antigen and to define the pathological diagnosis. The report indicates that the presence of pigeon antigen may be histologically demonstrated in HP.
Case report
A 52 year-old woman was admitted to our Institute in November 2005 with a four-year history of progressive dyspnoea on exertion and cough occasionally accompanied by mucoid sputum, together with symptoms of general malaise and loss of appetite. Four years previously, she had initially been treated by her primary care physician with amoxicillin for three weeks because of a presumed infection but there was no significant clinical improvement. During the next two-and-a-half years her illness followed an insidious course with slowly progressive clinical deterioration and no acute exacerbations. In the winter of 2004, a private pneumonologist had suggested the possibility of miliary tuberculosis (TB) particularly since the patient lived in an area with a high TB prevalence and since she had an abnormal chest radiograph. Antituberculous antibiotics including rifampicin, isoniazid and pyrazinamide had been prescribed, but after five weeks her treatment was arbitrarily stopped and no information about further diagnostic studies was available.
Clinical deterioration continued over the next seven months, until her dyspnoea became severe enough to cause difficulties in climbing five to six flights of stairs. On admission, a persistent and predominantly dry cough together with mild chest discomfort was noted. There was a history of intermittent exposure to pigeons for at least seven years. The family and occupational background was unremarkable, and there was no other antecedent history of note including smoking habit, alcohol intake, drug addictions, and inhalation of additional organic or inorganic dusts. Her past medical history did not reveal allergic conditions, infectious disorders, pharmacologic reactions, or respiratory abnormalities associated with avian contact.
On examination the patient looked chronically ill. She was dyspnoeic with a respiratory rate of 26 breaths/min, and her heart rate was 88 beats/min. Inspiratory crackles were heard over both lung fields, and except for mild clubbing of the fingers we did not find any other physical abnormalities. Arterial blood gases in air showed normal PO 2, PCO2, and pH values, and an oxygen saturation of 91% which decreased to 85% after walking. Laboratory tests showed a raised erythrocyte sedimentation rate (39 mm/hr), mild eosinophilia (9%; normal 3-6%), and a platelet count of 490 x 10 9 /l (normal 150-450 x 10 9 /l). Other findings included hypergammaglobulinemia (1.9 g/dl; normal 0.5-1.5 g/dl), high IgG (3610 mg/dl; normal 850-1868 mg/dl) and IgA levels (585 mg/dl; normal 80.7-549 mg/dl), elevation of C-reactive protein (4.1 mg/dl; normal 0.3-1.7 mg/dl), and positive rheumatoid factor (1:80, latex agglutination). Liver enzymes and serum electrolytes were normal. Serologic tests for infectious agents that may produce lung disease, including common respiratory viruses, and all routine blood and urine cultures, yielded negative results. The level of angiotensin converting enzyme was normal, and a purified protein derivative skin test was positive. No precipitating antibodies were found using thermophylic actinomycetes as well as pigeon serum and droppings preparations as target antigens. 20 Although the values of antiavian IgG antibodies by ELISA exceeded the reference range of healthy controls with no bird exposure, the comparison to asymptomatic breeders showed overlapping levels. 20, 21 Unfortunately, study of pigeon sensitisation through the antigen-induced lymphocyte proliferation test was not available.
Pulmonary function tests revealed a predominantly restrictive pattern with a low forced vital capacity (FVC) of 1.64 litres (43% of predicted), a forced expiratory volume in one second (FEV 1) of 1.42 litres (52% of predicted), an FEV 1/FVC ratio of 0.87, and a reduced diffusion capacity for carbon monoxide (DL CO, 12 ml/min/mm Hg, 54% of predicted). Diffuse and bilateral reticulonodular infiltrates were detected on chest radiograph, and the HRCT showed centrilobular micronodules diffusely distributed in both lung fields. Studies of BAL fluid obtained by bronchoscopy revealed a cellularity of 1.2 X 10 9 leucocytes/l with 72% macrophages, 24% lymphocytes, and 4% eosinophils. The CD4/CD8 T cells ratio was 1.2. Additionally, no organisms were seen on acid fast bacilli or fungal stains, and the microbiological cultures produced negative results. However, this evaluation did not include a transbronchial biopsy.
The histopathological analysis of surgical lung biopsy specimens revealed numerous and well organised nonnecrotising granulomas. Although there was a plentiful formation of multinucleated giant cells and epitheliod histiocytes diffusely distributed, a sarcoid-like appearance was also evident in some areas in which the cellular reaction occurred alongside bronchovascular bundles (see Figure 1) . The interstitial infiltration was prominent and constituted by lymphocytes, plasma cells and foamy macrophages. There was a moderate fibrosis in some areas of the lung, and no changes consistent with necrosis, vasculitis or viral cytopathic effects were found. The polarised light microscopy excluded the possibility of birefringent material, and the routine stains, including those for acid fast bacilli, fungi and amyloid, were all negative. Additionally, the study of M. tuberculosis and M. avium by in situ PCR 22 did not reveal abnormalities. Although the diagnosis of HP was reasonably demonstrated through the traditional diagnostic approach, the serological tests used to identify an aetiological cause were not conclusive. Therefore, the presence of avian antigen was histopathologically studied through an immunoperoxidase system; it revealed strong cytoplasmic immunostaining of multinucleated giant cells and histiocytes from lung granulomas. Some interstitial activated and foamy macrophages also showed cytoplasmic immunostaining (see Figure 1) .
The histopatological and immunohistochemical features were compatible with a diagnosis of pigeon HP. The patient was initially treated with prednisone 40 mg/day, and was discharged home with the advice to avoid pigeon exposure. A gradual clinical and functional respiratory improvement occurred after two months of corticosteroid administration and elimination of avian contact. Unfortunately, the patient was lost to follow-up in March 2006, and we were unable to obtain further information about the disease evolution.
Immunohistochemistry: The rabbit polyclonal antibody (patent pending) that led us to detect the presence of the causative antigen in the lung of HP with a biotinylated goat anti-rabbit IgG, and a commercial immunohistochemical staining method (Vectastain ABC system, Vector, USA) was raised against high and low molecular weight proteins of pigeon serum and purified by affinity chromatography (Affigel 10 Pharmacia, USA). Since a variety of pigeon PRIMARY CARE RESPIRATORY JOURNAL www.thepcrj.org 
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antigens have been implicated in the development of the disease, we used an antibody that recognised a full range of avian components through Western blot 20 using sera and droppings of pigeon origin as target antigens. This immunoglobulin did not reveal cross-reaction with normal goat serum that was included as a blocking agent in the immunoperoxidase system, and with a pool of human sera obtained from healthy donors. In addition, the immunohistochemical study for avian antigen revealed negative results using lung biopsy specimens of respiratory abnormalities different from HP, including sarcoidosis, usual interstitial pneumonitis, tuberculosis, and lung fibrosis secondary to scleroderma.
Discussion
A number of HP manifestations are useful in achieving a diagnosis but no unique feature seems to be pathognomonic. The presence of some clinical, lung function, or imaging findings, and BAL abnormalities that have been considered typical of HP, may be found in other respiratory entities. No unifying criteria have supported the diagnostic value of challenge tests with avian products; a variable immunological response according to the clinical presentation and the course of HP, depending on the source of pigeon antigen, has been described. 4,7,23-26. This histological study is no exception. Although the use of lung biopsy has been helpful in defining the presence of HP in cases with no clear evidence of avian exposure, and can corroborate the diagnosis of the insidious and recurrent subsets of chronic disease or evaluate patients who may fulfil the HP criteria but showed no improvement to antigen avoidance and/or therapy, it has been shown that a variety of diagnostic difficulties may arise during the pathological evaluation. 1, [13] [14] [15] [16] [17] 26 In our patient, the clinical history, laboratory findings, pulmonary function tests and HRCT, together with the histological analysis, immunohistochemistry and in situ PCR, not only supported the diagnosis of HP but reasonably excluded the presence of HP secondary to exposure to thermophylic actinomycetes and M. avium.
22
A heterogeneous group of lung disorders has been found to be histologically similar to HP; the morphologic spectrum may change according to the stage of the illness, non-specific interstitial findings have been reported, and a variable pathological expression appears to distinguish different HP subsets. 14,18. 27-29 Since the histopathological abnormalities in HP are not pathognomonic, and the appearance of some atypical or unusual features can lead to different diagnostic considerations, study of the causative antigen in the lung may be useful in order to differentiate the disease, particularly in patients with morphological findings similar to other respiratory conditions such as non-specific interstitial involvement, a marked bronchial infiltrate, extensive fibrosis, or a plentiful formation of multinucleated giant cells, [13] [14] [15] [16] [17] [18] [19] as occurred in this case. In this case, several diseases which may show a prominent granulomatous interstitial pneumonialike drug reactions, fungal and atypical mycobacterial infections, pneumoconiosis, or vasculitis and Sjögren's syndrome 19 -were excluded. The possibility of demonstrating a definitive cause in HP is invaluable in terms of the diagnostic approach, in particular when the clinical, functional, imaging or other distinctive manifestations of the illness are missing. Different groups have recognised the association between avian exposure and the development of the disease: [8] [9] [10] the clinical history may provide evidence of previous inhalation of pigeon materials and its relationship with an immediate onset of the illness; the environmental examination of avian dusts has confirmed the presence of subacute HP in some patients; appropriate challenge tests with the causative antigen may support the diagnosis of chronic disease; and the sensitisation to avian products has been documented through different immunological methods during the study of acute, subacute, or chronic HP. 4, 7, [24] [25] [26] In this context, immunohistochemical evaluation may be a useful alternative for establishing the definitive cause of the disease during the diagnostic work-up of a patient with suspected pigeon HP.
The demonstration of pigeon antigen in the lung of HP induced by this extrinsic organic exposure is not entirely surprising; other causative antigens may be detected during the histopathologic appraisal. Different thermophilic microorganisms have been identified in farmer's HP through immunohistochemistry or by microbiological tests, and several specialised methods such as scanning electron microscopy, specific culture assays, energy-dispersive spectroscopy, and restriction fragment-length polymorphism (RFLP) have confirmed causal agents using lung biopsy specimens from hypersensitivity disorders secondary to the inhalation of a variety of organic and inorganic antigens. 13, [30] [31] [32] [33] [34] [35] We are now studying whether the presence of pigeon antigen in the lung may have further diagnostic value, given that the disease has shown a broad histopathological spectrum.
